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Aerodynamics Research Report 11

SUMMARY OF THE NOL INVESTIGATIONS TO DATE OF THE
AERODYNANIC CHARACTERISTICS OF THE NAVY LOW DRAG BOMB

Prepared by

W, D, Piper
F. J, Deleritte

ABSTRACT: This report summarizes the available aerodynamic
data on the Navy Low Drag Bomb, The data were obtained
from a series of investigations conducted by the Naval
Ordnance Laboratory personnel in the NOL Supersonic Tunnel
No. 1, the NOL Aerodynamics Range No. 1, the NOL Pressurized
Ballistics Range No. 3, the David Taylor Model Basin 8 x 10
Foot Subsonic Wind Tunnel, and the Cornell Aeronautical
Institute 3 x 4 Foot Transonic Wind Tunnel.

The aerodynamic data are presented as functions of angle of
attack at Mach numbers of 0.80, 1.56, and 2.16 and as

functions of NMach number for Mach numbers between 0,80
and 2.16,

U. S, NAVAL ORDNANCE LABORATORY
White Oak, Maryland
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This is a summary report on wind-tunnel tests performed on
the Navy Low Drag Bomb. These tests were performed at the
request of the Bureau of Naval Weapons under Task Number
103-666/64945/02.

JOHN A, QUENSE', Acting
Ceptain, USN
Commander

R. KENNETH LCBB
By direction
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SUMMARY OF THE NOL INVESTIGATIONS TO DATE OF THE
AERODYNAMIC CHARACTERISTICS OF THE NAVY LOW DRAG BOMB

INTRODUCTION

1. The Low Drag Bomb series consists of a 250 pound, a 500
pound, a 1000 pound, and a 2000 pound bomb of a shape
originating from an external store developed by the Douglas
Aircraft Company.

2. The Naval Ordnance Laboratory was directed by the Bureau
of Naval Weapons to investigate the aerodynamic character-
istics of the bomb in order to explain large pitching and
yawing oscillations observed in its trajectory during full
scale drop tests (reference (a)). Consequently, a series of
tests were conducted by NOL in the NOL Pressurized Ballistics
Range No. 3, the NOL Supersonic Tunnel No. 1, the David Taylor
Model Basin 8 x 10 Foot Subsonic ¥Wind Tunnel, and in the
Cornell Aeronautical Institute 3 x 4 Foot Transonic W:ind
Tunnel. The results of most of these individual tests have
already been published in the NAVORD Reports listed in
references (b) through (1). This report summarizes the
results obtained from the various tests on the Low Drag Bomb.

3. All of the data included in this report are for the
basic Low Drag Bomb with 1.4 d fin span and 2° fin cant.

AERODYNAMIC SYMBOLS

A reference area (maximum body diameter)
C.8- center of gravity, 3.644 cal, forward from the base
CN normal force coefficient (FN/qA)
C pitching moment coefficient (M,/qAd) \
(+] (*] dC°
CO slope of pitching moment coefficient curve .
a
Cy side force coefficient (Fy/qA)
C Magnus force coefficient (F_ /qA)
Y Yp
c Magnus force slope coefficient ()C /)(g%)
p p
cl, rolling moment coefficient (uz/qu)
QZ induced rolling moment coefficient (I[ /qAd)
Ya Ya

1
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pitch damping coefficient EL‘
Tpvd lﬂ
rolling moment coefficient due to fin cant i:%
M

b 1 av
roll damping moment coefficient —pz 7 . K
yawing: moment coefficient (M_/qAd)
Meggnus moment coefficient (l* /qAd)
p

Magnus moment slope coefficient (301 /) (pd/2V)
)

reference diameter (model maximum diameter = cal,)
normal force (1lbs)

side force {(1bs)

Magnus force (lbs)

axial moment of inertia (llugs-ftz)

Mach number

pitching moment (in-lbs)

rolling moment (in-lbs)

rolling moment induced by roll orientation and
angle of attack (in-lbs)

rolling moment due to fim cant (in-lbs)
roll damping moment (in-lbs)

yawing moment (in-lbs)
Magnus moment (in-lbs)

spin rate (rad/sec or RPN)

dynamic pressure (psi)

velocity (fps)

Reynolds Number (based on model length)
sngle of attack (deg)

angle of fin cant (deg)

angle of roll of fins (rad)

nngl;)of roll of the model (deg) (in this report
'Y-

angle of yaw (deg)
damping constant (ft-lb-sec)/rad)
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MODELS, TEST TECHNIQUES, AND DATA REDUCTION

4. Because it was necessary to use models of different sizes
in each of the different wind tunnels, the model dimensions
are shown in Figure 1 in units of maximum body diameter.

5. The tail cones of the wind-tunnel static and Magnus force
models were removed as shown in Figures 1 and 2 in order to
mount the models on an internal strain-gage type balance,

The static test data taken at NOL werc¢ rsescorded and reduced
as described in references (m) and (n) respectively.

6, The wind-tunnel Magnus data were obtained at the David
Taylor Model Basin and the Cornell Aeronsutical Laboratory
using internal strain-gage type balances designed and con-
structed by NOL especially for the Magnus force testing. The
Magnus force data reduction and test technique are described
in reference (0).

7. The model for the damping tests was dynamically balanced
about the scaled full scale center of gravity. A shaft whose
axis was normal to the longitudinal axis of the model was
passed through the center of gravity and was attached to the
model by means of precision ball bearings of very low
frictional torque. The model was thus able to rotate in the
pitch plane about a transverse axis which passes through the
center of gravity. Figure 3 shows the damping model mounted
on its shaft. The data were obtained from high speed motion
pictures taken of the model during its damping oscillations.
The technique of reducing the damping data is described in
detail in reference (b).

8. The models tested in the Aerodynamics Range No, 1 and

the Pressure Ballistics Range No. 3 were launched using a
sabot as shown in Figure 4. 1In brief, the ballistics range
data were obtained by firing a model down the range and
fitting the data obtained from spark shadowgraphs taken at
successive stations along the range to the assumed equations
of motion. The complete data reduction technique is described
in reference (p).

9. The coordinate axes and sign convention are shown in

Figure 5 at a model orientation of § = O degrees (y = 0 degrees).
The fins are in the vertical and horizontal planes and the

lugs are rotated clockwise (positive roll) 45 degrees from

the vertical.

3
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DISCUSSION

10, All of the data presented in this report are reduced to
coefficient form and whenever possible are presented by
curves both as a function of angle of attack and as a
function of Nach number., In some of the curves where Mach
number is the parameter it was necessary to extrapolate
between rather large gaps in Mach numbers where no data were
uvailable, Consequently, the coefficients are presented as
a function of Mach number only to indicate the trend due to
Mach number and not necessarily as explicit point values.
The data were obtained over an angle of attack range from 0
to 24 degrees except at Mach number 0.8, At the Mach number
of 0.8 the static test data were obtained over an angle of
attack range of 0 to 32 degrees. The pitch damping coeffi-
cients were obtained at an angle of attack of 40 degrees.
The UMagnus force and moment data were determined up to an
angle of attack of 20 degrees. The plots of coefficient
versus Mach number show data in the subsonic Mach number
range where possible up to angles of attack of 40 degrees.
These data were required for computer studies at the Naval
Weapons Laboratory. The data were obtained by extrapolating
the Mach number 0.8 data to 40 degrees angle of attack. It
was not possible in every case to extrapolate the data to 40
degrees with any degree of certainty. Data have been oxtra-
polated, in nearly every case, to the limit, and the data
shown beyond the last test point are included to show
possible trends only.

11. During most of the tests reported in references (b)
through (1) the basic configuration was tested over at least
a limited range of parameters as a reference configuration,
In addition certair of the coefficients are obtained as a
by-product of other tests. For example, the pitching moment
coefficients have been obtained from static stability tests
in the wind tunnels, shots fired in the firing ranges, pitch
damping tests, and Magnus tests where pitching momentsas well
as Magnus moments are obtained., These tests sometimes give
small variations to the coefficients, The data presented in
this report represent what is considered to be the best
estimate of the coefficients obtained for the Low Drag Bomb,

12, Because of the variation in Reynolds number due to the
difforent model sizes and test conditions, the Reynolds
numbers are not given for any or the data except the Magnus
coeftficients., The close agreement between data obtained at
different Reynolds numbers using the various test techniques
indicates the Reynolds number effect will be small except on
the Magnus characteristics,

4
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13. The normal force coefficients (Cu) are shown in Figures

6 through 8 as a function of angle of attack and in Figures
9 through 11 as a function of Mach number.

14, The pitching moment coefficients (C°) are presented as

a function of angle of attack in Figures 12 through 14 and
as a function of Mach number in Figures 15 through 17, It
should be noted that as the Mach number increases (supersonic
speeds) there is a rapid and almost linear decrease in the
slope of the pitching mcment coefficient. This trend toward
static instability is quite evident in Figure 18 where the
slope of pitching moment coefficient (CO ) at a = 0 degrees
o
is shown as a function of Mach number, It is evident that if
the trend continues the bomb will be statically unstable st
small angles of attack at Mach numbers above 2,25,

15, The side force coefficient (Cy) data are presented in

Figures 19 through 21 as a function of angle of attack while
Figures 22 through 24 present the side force coefficient vs,
Mach number.

16, The yawing moment coefficient (C,) data are shown vs,

angle of attack in Figures 25 through 27 and vs. Mach number
in Figures 28 through 30.

17. The Magnus force and moment coefficients {(C_ , C* )

P
are shown versus angle of attack in Figures 31 and 32, The
Magnus coefficients (Cy and C* ) are shown versus Mach number

n n
in Figure 33. These data (Cy and C* ) do not include the
n n

spin parameter pd/2V. For these data, p = 2000 RPM and d = 3.0
inches., No Magnus data exist at Mach numbers above 1.25;
however, the trend of the data indicates that the Magnus
coefficients are very small at the higher Mach numbers., The
majority of the data was taken at a Reynolds number of four
million based on body length. However, the data at Mach
number 0.6 were obtained at a Reynolds number of six million,
The Magnus force is generally in the same order of magnitude
as the side force and is about in the order of 10 to 20 per-
cent of the normal force,

5
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18, The pitch damping moment coefficient (cn + C- ) data

&
are shown for fin orientations of 0° and -45° as functions
of angle of attack, with the Mach number as a parameter, in
Figures 34 and 35, respectively. The pitch damping
coefficients are shown as function of Mach number in Figure
36 with the angle of attack as parameter,

19, The roll damping moment coefficient (Ql ) data are

p
presented versus angle of attack in Figure 37 for a Mach
number of 0,8 and as a function of Mach number at zero degree
angle of attack in Figure 38,

20, The rolling moment coefficient due to fin cant (qe ) is
[

shown in Figure 39 as a function of angle of attack for Mach
number of 0.8 and as a function of Mach number in Figure 38
at zero angle of attack.

21. The induced rolling moment coefficient (ql ) is the
Ya

rolling moment coefficient due to angle of attack and

asymmetrical fin orientation. The induced rolling moment

coefficient is presented as a function of angle of attack in

Figures 40 through 42 and as a function of Mach number in

Figures 43 through 45.

22, The drag coefficient at zero angle of attack (Cp, )
()

versus Mach number is shown in Figure 46, These data wsere
obtained in the firing range on models of the 1000 pound
Low Drag Bomb with scaled fin thickness, These data are
from reference (J).

SUMMARY

23. This report presents a summary of the available
saerodynamic coefficient data on the Low Drag Bomb in a
number of NAVORD Reports. Some of these ccefficients such
as the yawing moment, side force, or Magnus force and
Magnus moment are guite small and are very difficult to
measure accurately. These data are the coefficients
transmitted to the Naval Weapons Laboratory for computing
trajectories of the Low Drag Bomb,

6
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FIG.2 WIND TUNNEL STATIC MODEL
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FIG.3 WIND TUNNEL DAMPING MODEL
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FIG.4 RANGE MODEL AND LAUNCHING SABOT
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